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(57) ABSTRACT 

Apositive photosensitive composition comprising an alkali 
soluble resin having phenolic hydroXyl groups (a) and a 
photo-thermal conversion material (b), and not containing a 
quinonediaZide compound, Which contains an alkali-soluble 
resin having phenolic hydroXyl groups, of Which at least 
some are esteri?ed (a-1). 
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POSITIVE PHOTOSENSITIVE 
COMPOSITION, POSITIVE 

PHOTOSENSITIVE LITHOGRAPHIC 
PRINTING PLATE AND METHOD FOR 

FORMING A POSITIVE IMAGE 

The present invention relates to a positive photosensitive 
composition useful for a lithographic printing plate, a color 
proof for print correction, a color ?lter resist for liquid 
crystal display, a resist for integrated circuits for semicon 
ductor elements or a copper etching resist to be used for a 
printed Wiring board or gravure plate making, and further 
relates to a photosensitive lithographic printing plate and a 
method for forming a positive image. 

Heretofore, as a positive photosensitive composition 
capable of forming a positive image by irradiation of ultra 
violet light through a silver salt masking ?lm, folloWed by 
development, a system has been knoWn Which comprises an 
alkali-soluble resin and an o-quinonediaZide group 
containing compound as a photosensitivity-imparting com 
ponent. It is considered that in such a system, upon irradia 
tion of ultraviolet light absorbable by the o-quinonediaZide 
group-containing compound, the diaZo moiety Will be 
decomposed to ?nally form a carboxylic acid, Whereby the 
alkali-solubility of the photosensitive composition Will 
increase, i.e. only the exposed portion Will be dissolved in an 
alkali developer to form an image. Namely, this system is 
one Wherein a component of the photosensitive composition 
undergoes a photochemical change and yet has a sensitivity 
to ultraviolet light (hereinafter referred to simply as “UV 
sensitivity”). 

On the other hand, along With the progress in the image 
treating technology by computers, an attention has been 
draWn to a photosensitive or heat sensitive direct plate 
making system Wherein a resist image is formed directly 
from digital image information by a laser beam or a thermal 
head Without using a silver salt masking ?lm. Especially, it 
has been strongly desired to realiZe a high resolution laser 
photosensitive direct plate making system employing a high 
poWer semiconductor laser or YAG laser, from the vieWpoint 
of doWnsiZing, the environmental light during the plate 
making operation and plate making costs. 

As a technique relating to an image-forming method 
Wherein laser photosensitivity is utiliZed, a technique has 
been proposed in Which a chemical ampli?cation type 
photoresist is combined With a long Wavelength light ray 
absorbing dye. For example, JP-A-6-43633 discloses a posi 
tive photosensitive material Wherein a certain speci?c 
squarilium dye is combined With a photo-acid-generator and 
a binder. Further, as a technique of this type, JP-A-7-20629 
discloses a method for preparing a lithographic printing 
plate by exposing a photosensitive layer containing an 
infrared ray absorbing dye, latent Bronsted acid, a resol resin 
and a novolak resin, in an image pattern by eg a semicon 
ductor laser, and JP-A-7-271029 discloses a similar method 
Wherein a s-triaZine compound is used instead of the above 
latent Bronsted acid. HoWever, the photosensitive materials 
used in these conventional techniques have UV-sensitivity 
and accordingly have a dif?culty in handling under White 
light. 

Further, in connection With an image-forming technique 
involving a chemical change by thermal decomposition, 
JP-A-7-285275 discloses an image-recording material com 
prising a binder, a material Which absorbs light and gener 
ates heat, and a material Which is thermally decomposable 
and substantially loWers the solubility of the binder in a 
non-decomposed state (hereinafter referred to as a thermally 
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2 
decomposable solubility-suppressing agent). In this 
publication, it is disclosed to use an onium salt, a diaZonium 
salt or a quinonediaZide compound, as the thermally decom 
posable solubility-suppressing agent. HoWever, it is Well 
knoWn that each of such compounds has UV-sensitivity and 
thus has a dif?culty in handling under White light. Further, 
this publication discloses a quinonediaZide sulfuric acid 
ester of a certain type of a resin, such as a pyrogallol acetone 
resin, as a compound falling Within a concept of an ester of 
a resin. HoWever, the ester of a resin disclosed in this 
publication is nothing more than one disclosed as a type of 
a quinonediaZide compound. 

On the other hand, as an image-forming material having 
no UV-sensitivity and involving substantially no chemical 
change, the folloWing may, for example, be mentioned. 

Firstly, JP-A-9-43847 discloses a resist material Wherein 
the crystalliZability of the photosensitive material is changed 
by heating by irradiation With infrared rays, and a method 
for forming a pattern utiliZing such a resist material. 

Further, the present applicants have previously proposed 
a photosensitive composition comprising a photo-thermal 
conversion material and an alkali-soluble resin, Whereby a 
positive image can be formed With a very simple system 
Where no chemical change can be expected (US. patent 
application Ser. No. 08/906,258). This image formation is 
carried out by a change other than a chemical change. This 
is evident also from a reversible phenomenon observed such 
that When the photosensitive composition used Which Was 
once subjected to irradiation With light, is heated at a 
temperature of about 50° C. for 24 hours, the alkali solubility 
at the exposed portion Which once increased immediately 
after the exposure often returns to a state close to the state 
before the exposure. Further, this is also evident from the 
relation betWeen the glass transition temperature (or the 
softening point) of the photosensitive composition used and 
the likeliness of the reversible phenomenon, such that the 
loWer the glass transition temperature (or the softening 
temperature), the more likely the reversible phenomenon. 

The reason as to Why the above-mentioned photosensi 
tive composition forms such a positive image, is not clearly 
understood. HoWever, it is considered that light energy 
absorbed by the photo-thermal conversion material is con 
verted to heat, and the alkali-soluble polymer material at the 
portion receiving the heat undergoes a certain change other 
than the chemical change, such as a conformation change, 
Whereby the alkali solubility at that portion Will increase to 
facilitate formation of an image by the alkali developer. 

In said application, the present applicants have further 
proposed sulfonic acid esters, etc., as solubility-suppressing 
agents for said composition. 

HoWever, such a composition is required to be further 
improved With respect to the sensitivity, the development 
latitude attributable to a difference in solubility betWeen the 
exposed portion and the non-exposed portion, the strength of 
the photosensitive layer and the printing resistance. 

Further, as a photosensitive composition having no sen 
sitivity to UV, similar to the above, WO97/39894 discloses 
a lithographic printing plate capable of forming a positive 
image by irradiation With a laser beam of at least 600 nm, 
folloWed by development With an alkali developer. For 
example, it is disclosed to form a positive image by sub 
jecting a lithographic printing plate having a photosensitive 
layer containing a novolak resin, a certain IR-absorbing 
agent and ethyl p-toluenesulfonate, to laser exposure. 
HoWever, as a result of a study by the present inventors, it 
has been found that When the sulfonic acid ester disclosed in 
this publication is used, the ?lm strength tends to be Weak, 
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and the printing resistance tends to be inadequate, although 
a positive image may be formed. 

It is an object of the present invention to provide a 
positive photosensitive composition, a positive photosensi 
tive lithographic printing plate and a method for forming a 
positive image, Whereby the sensitivity is high, the chemical 
resistance of the image area is high, the ?lm strength of the 
photosensitive layer is high, and high printing resistance can 
be obtained. A further object of the present invention is to 
provide a positive photosensitive composition, a positive 
photosensitive lithographic printing plate and a method for 
forming a positive image, Which present high sensitivity to 
a near infrared laser. 

Another object of the present invention is to provide a 
positive photosensitive lithographic printing plate excellent 
in handling under White light. 

Astill further object of the present invention is to provide 
a positive photosensitive lithographic printing plate having 
no stain at a non-image area during printing. 

In a still further aspect, the present invention provides a 
method for forming a positive image, Which comprises 
subjecting such a positive photosensitive lithographic print 
ing plate to exposure With a laser beam having a Wavelength 
Within a range of from 650 to 1,300 nm, and then developing 
it With an alkali developer to form a positive image. 

The present invention provides a positive photosensitive 
composition comprising an alkali-soluble resin and a photo 
thermal conversion material as the main components, Which 
involves substantially no chemical change in the image 
formation (i.e. Which does not contain a compound decom 
posable by light or heat, such as a quinonediaZide 
compound, as a component of the photosensitive 
composition), Wherein at least some of phenolic hydroxyl 
groups in the alkali-soluble resin are esteri?ed, and it has 
been found that a positive photosensitive lithographic print 
ing plate having a layer of such a positive photosensitive 
composition on a substrate, has excellent printing resistance. 

Further, it has been found that When a speci?c ester is 
selected for the ester moiety of the above alkali-soluble 
resin, it is possible to prevent staining during printing, in 
addition to the effect for printing resistance. 

Namely, the present invention provides a positive pho 
tosensitive composition comprising an alkali-soluble resin 
having phenolic hydroxyl groups (a) and a photo-thermal 
conversion material (b), and not containing a quinonediaZide 
compound, Which contains an alkali-soluble resin having 
phenolic hydroxyl groups, of Which at least some are esteri 
?ed (a-1). 

In another aspect, the present invention provides a posi 
tive photosensitive composition comprising an alkali 
soluble resin having phenolic hydroxyl groups, of Which at 
least some are esteri?ed, a non-esteri?ed alkali-soluble resin 
and a photo-thermal conversion material, Which has sub 
stantially no photosensitivity to ultraviolet light. 

In a further aspect, the present invention provides a 
positive photosensitive lithographic printing plate having a 
layer made of the above positive photosensitive composition 
formed on a substrate. 

The esteri?cation ratio of phenolic hydroxyl groups in 
the resin component of the photosensitive composition (the 
ratio of esteri?ed phenolic hydroxyl groups to the entire 
phenolic hydroxyl groups present in the original resin) is 
usually from 1 to 40%, Whereby the effects for printing 
resistance and suppression of staining during printing can be 
increased. The esteri?cation ratio is more preferably from 2 
to 30%, most preferably from 5 to 15%. 

To obtain a positive photosensitive composition Wherein 
the esteri?cation ratio of the alkali-soluble resin having 
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4 
phenolic hydroxyl groups is set Within the above range, it is 
possible to use one alkali-soluble resin Wherein phenolic 
hydroxyl groups are esteri?ed in a constant proportion. 
OtherWise, it is also possible to mix an alkali-soluble resin 
Which is not substantially esteri?ed and an alkali-soluble 
resin Which is esteri?ed in a constant proportion (usually 
With an esteri?cation ratio of from 1 to 40%) for use. 
Usually, the latter is better in that preparation of the com 
position is easy. accordingly, the present invention Will be 
described hereinafter With reference to a case Wherein an 
alkali-soluble resin Which is not substantially esteri?ed and 
an alkali-soluble resin Which is esteri?ed, are mixed. 

In this speci?cation, the compound Which is an alkali 
soluble resin (a) having phenolic hydroxyl groups and of 
Which at least some of the phenolic hydroxyl groups are 
esteri?ed (a-1), is referred to as “an esteri?ed alkali-soluble 
resin (a-1)”. Further, a compound Which is an alkali-soluble 
resin having phenolic hydroxyl groups and of Which the 
phenolic hydroxyl groups are not substantially esteri?ed, is 
referred to as “a non-esteri?ed alkali-soluble resin”. 

Firstly, the non-esteri?ed alkali-soluble resin Will be 
described. Any one of knoWn such alkali-soluble resins 
having phenolic hydroxyl groups may be employed. More 
speci?cally, a novolak resin, a resol resin, a polyvinylphenol 
resin, or a copolymer of an acrylic acid derivative having 
phenolic hydroxyl groups, may, for example, be mentioned. 
Among them, a novolak resin, a resol resin or a polyvi 
nylphenol resin is preferred. More preferred is a novolak 
resin or a polyvinylphenol resin, and particularly preferred 
is a novolak resin. The Weight average molecular Weight 
(MW) of the non-esteri?ed alkali-soluble resin is usually 
from 1,000 to 1,000,000, preferably from 1,000 to 200,000. 

The novolak resin may be one obtained by polycondens 
ing at least one member of aromatic hydrocarbons such as 
phenol, m-cresol, o-cresol, p-cresol, 2,5-xylenol, 3,5 
xylenol, resorcinol, pyrogallol, bisphenol, bisphenol A, 
trisphenol, o-ethylphenol, m-ethylphenol, p-ethylphenol, 
propylphenol, n-butylphenol, t-butylphenol, 1-naphthol and 
2-naphthol, With at least one aldehyde or ketone selected 
from aldehydes such as formaldehyde, acetaldehyde, 
propionaldehyde, benZaldehyde and furfural and ketones 
such as acetone, methyl ethyl ketone and methyl isobutyl 
ketone, in the presence of an acid catalyst. Instead of 
formaldehyde and acetaldehyde, paraformaldehyde and 
paraldehyde may, respectively, be used. The Weight average 
molecular Weight calculated as polystyrene, measured by gel 
permeation chromatography (hereinafter referred to simply 
as GPC) of the novolak resin (the Weight average molecular 
Weight by GPC measurement Will hereinafter be referred to 
simply as MW) is preferably from 1,000 to 100,000, more 
preferably from 1,500 to 50,000, most preferably from 2,000 
to 20,000. 

Preferred may be a novolak resin obtained by polycon 
densing at least one phenol selected from phenol, o-cresol, 
m-cresol, p-cresol, 2,5-xylenol, 3,5-xylenol and resorcinol, 
as the aromatic hydrocarbons for the novolak resin, With at 
least one member selected from aldehydes such as 
formaldehyde, acetaldehyde and propionaldehyde. 

Particularly preferred is a novolak resin Which is a 
polycondensate of a phenol mixture of m-cresol/p-cresol/2, 
5-xylenol/3,5-xylenol/resorcinol in a molar ratio of 40 to 
100/0 to 50/0 to 20/0 to 20/0 to 20 or a phenol mixture of 
phenol/m-cresol/p-cresol in a molar ratio of 1 to 100/0 to 
70/0 to 60, With aldehydes. Among aldehydes, formaldehyde 
is particularly preferred. The photosensitive composition of 
the present invention may further contain a solubility 
suppressing agent, and in such a case, preferred is a novolak 
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resin Which is a polycondensate of a phenol mixture of 
m-cresol/p-cresol/2,5-xylenol/3,5-xylenol/resorcinol in a 
molar ratio of from 70 to 100/0 to 30/0 to 20/0 to 20, or a 
phenol mixture of a phenol/m-cresol/p-cresol in a molar 
ratio of 10 to 100/0 to 60/0 to 40, With aldehydes. 

The polyvinylphenol resin may be a polymer of one or 
more hydroxystyrenes such as o-hydroxystyrene, 
m-hydroxystyrene, p-hydroxystyrene, 2-(o-hydroxyphenyl) 
propylene, 2-(m-hydroxyphenyl)propylene and 2-(p 
hydroxyphenyl)propylene. The hydroxystyrenes may have a 
substituent, such as a halogen such as chlorine, bromine, 
iodine or ?uorine, or a C1_4 alkyl substituent, on the aromatic 
ring. Thus, the polyvinylphenols may be polyvinylphenols 
having a halogen or a C1_4 alkyl substituent on the aromatic 
ring. 

The polyvinylphenol resin is usually obtained by poly 
meriZing one or more hydroxystyrenes Which may have a 
substituent, in the presence of a radical polymeriZation 
initiator or a cation polymeriZation initiator. Such a polyvi 
nylphenol resin may be one subjected to partial hydrogena 
tion. 
MW of the polyvinylphenol resin is preferably from 

1,000 to 100,000, more preferably from 1,500 to 50,000. 
If MW of the above novolak resin or polyvinylphenol 

resin is smaller than the above-mentioned range, no 
adequate coating ?lm tends to be obtained, and if it exceeds 
such a range, the solubility of the non-exposed portion-in-an 
alkali developer tends to be small, Whereby a pattern tends 
to be hardly obtainable. 

The resol resin can be obtained in the same manner as for 
the preparation of the novolak resin except that instead of 
using an acid catalyst, an alkali catalyst is employed, and the 
preferred molecular Weight and monomer composition for 
condensation polymeriZation are the same as those for the 
novolak resin. 

The blend ratio of the non-esteri?ed alkali-soluble resin 
is usually from 10 to 95 Wt %, preferably from 20 to 95 Wt 
%, more preferably from 40 to 90 Wt %, based on the total 
solid content in the photosensitive composition. 

The composition of the present invention may contain an 
alkali-soluble resin having no phenolic hydroxyl groups 
Within a range not to impair the performance of the present 
invention. 

The near infrared photo-thermal conversion material (b) 
(hereinafter referred to simply as a photo-thermal conver 
sion material) to be used for the positive photosensitive 
composition of the present invention is not particularly 
limited so long as it is a material Which generates heat by 
irradiation at the time of the image exposure. Speci?cally, it 
may, for example, be an organic or inorganic pigment, an 
organic dye or a metal, Which has an absorption band 
covering a part or Whole of a Wavelength region of from 650 
to 1,300 nm. More speci?cally, it may, for example, be 
carbon black, graphite, a metal such as titanium or 
chromium, a metal oxide such as titanium oxide, tin oxide, 
Zinc oxide, vanadium oxide or tungsten oxide, a metal 
carbide such as titanium carbide, a metal boride, or a black 
or green organic pigment such as an inorganic black pigment 
disclosed in JP-A-4-322219, an aZo-type black pigment, 
“Lionol Green 2YS” or “Green pigment 7”. The above 
carbon black may, for example, be a commercial product of 
Mitsubishi Chemical Corporation such as “MA-7”, “MA 
100”, “MA-200”, “#5”, “#10” or “#40”, or a commercial 
product of Degussa such as “Color Black FW2”, “FW20” or 
“Printex V”. 

Further, dyes having absorption bands in a near infrared 
region as disclosed in eg “Special Functional Dyes” 
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6 
(compiled by Ikemori and Hashiraya, 1986, published by 
Kabushiki Kaisha CMC), “Chemistry of Functional Dyes” 
(compiled by Higaki, 1981, published by Kabushiki Kaisha 
CMC), “Dye Handbook” (compiled by OkaWa, Hirajima, 
Matsuoka and Kitao published by Kodansha), a catalogue 
published by Japan Photosensitive Dye Research Center in 
1995, and a laser dye catalogue published by Exciton Inc., 
1989, may be mentioned. 

Still further, organic dyes as disclosed in JP-A-2-2074, 
JP-A-2-2075, JP-A-2-2076, JP-A-3-97590, JP-A-3-97591, 
JP-A-3-63185, JP-A-3-26593 and JP-A-3-97589, may be 
mentioned. Further, near infrared photo-thermal conversion 
materials as disclosed in JP10-93179, JP10-163444 and 
JP10-222567, may also be mentioned. A preferred near 
infrared photo-thermal conversion material in the present 
invention is a near infrared cyanine dye, Which is a so-called 
cyanine dye in a broad sense Which has a structure having a 
hetero atom such as a nitrogen atom, an oxygen atom or a 
sulfur atom bonded by a polymethine For 
example, it includes various dyes such as a quinone type (a 
so-called cyanine type), an indole type (a so-called indocya 
nine type), a benZothiaZole type (a so-called thiocyanine 
type), an iminocyclohexadiene type (a so-called polyme 
thine type), a pyrylium type, a thiapyrylium type, a squari 
lium type, a croconium type and an aZulenium type. Among 
them, a quinoline type, an indole type, a benZothiaZole type, 
an iminocyclohexadiene type, a pyrylium type or a thiapy 
rylium type is preferred. 

In the present invention, among the above cyanine dyes, 
a quinoline dye of the folloWing formula (Ia), (lb) or (Ic) is 
preferred. 

(Ia) 

In the formulae (Ia), (Ib) and (Ic), each of R1 and R2 
Which are independent of each other, is an alkyl group Which 
may have a substituent, an alkenyl group Which may have a 
substituent, an alkynyl group Which may have a substituent, 
or a phenyl group Which may have a substituent, L1 is a tri-, 
penta- or hepta-methine group Which may have a 
substituent, Wherein tWo substituents on the penta- or hepta 
methine group may be linked to each other to form a C5_7 
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cycloalkene ring, the quinoline ring may have substituents, 
wherein adjacent two substituents may be linked to each 
other to form a condensed benZene ring, and X“ is a counter 
amon. 

Here, the substituent in R1 and R2 in the formulae (Ia), 
(Ib) and (Ic) may, for example, be an alkoxy group, a 
phenoxy group, a hydroxy group or a phenyl group, and the 
substituent in L1 may, for example, be an alkyl group, an 
amino group or a halogen atom. Likewise, the substituent in 
the quinoline ring may, for example, be an alkyl group, an 
alkoxy group, a nitro group or a halogen atom. 

As the indole type and benZothiaZole type dyes, those 
represented by the following formula (II) are preferred. 

Y1 Y2 

HA 1G 5 N 
l3 l4 

X. 

<11) 

In the formula (II), each of Y1 and Y2 which are 
independent of each other, is a dialkylmethylene group or a 
sulfur atom, each of R3 and R4 which are independent of 
each other, is an alkyl group which may have a substituent, 
an alkenyl group which may have a substituent, an alkynyl 
group which may have a substituent, or a phenyl group 
which may have a substituent, L2 is a tri-, penta- or hepta 
methine group which may have a substituent, wherein two 
substituents on the penta- or hepta-methine group may be 
linked to each other to form a C5_7 cycloalkene ring, the 
condensed benZene ring may have substituents, wherein 
adjacent two substituents may be linked to each other to 
form a condensed benZene ring, and X“ is a counter anion. 

Here, the substituent in R3 and R4 in the formula (II) 
may, for example, be an alkoxy group, a phenoxy group, a 
hydroxyl group or a phenyl group, the substituent in L2 may, 
for example, be an alkyl group, an amino group or a halogen 
atom, and the substituent in the benZene ring may, for 
example, be an alkyl group, an alkoxy group, a nitro group 
or a halogen atom. 

As the iminocyclohexadiene dyes, those represented by 
the following formula (III) are particularly preferred. 

(III) 
R5 R7 
\ + / 

R6 I l 10 R8 

X. 

In the formula (III), each of R5, R6, R7 and R8 which are 
independent of one another, is an alkyl group, each of R9 and 
R10 which are independent of each other, is an aryl group 
which may have a substituent, a furyl group or a thienyl 
group, L3 is a mono-, tri- or penta-methine group which may 
have a substituent, wherein two substituents on the tri- or 

penta-methine group may be linked to each other to form a 
C5_7 cycloalkene ring, and X“ is a counter anion. 
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8 
Here, each of R9 and R10 in the formula (III) may 

speci?cally be, for example, a phenyl group, a l-naphthyl 
group, a 2-naphthyl group, a 2-furyl group, a 3-furyl group, 
a 2-thienyl group or a 3-thienyl group, and the substituent 

thereon may, for example, be an alkyl group, an alkoxy 
group, a dialkylamino group, a hydroxyl group or a halogen 

atom, and the substituent in L3 may, for example, be an alkyl 
group, an amino group or a halogen atom. 

As the pyrylium type and thiapyrylium dyes, those 
represented by the following formula (IVa), (IVb) or (IVc) 
are particularly preferred. 

(IVa) 

In the formulae (IVa), (IVb) and (IVc), each of Z1 and Z2 
which are independent of each other, is an oxygen atom or 

a sulfur atom, each of R11, R12, R13 and R14 which are 
independent of one another, is a hydrogen atom or an alkyl 

group, or R11 and R13 , or R12 and R14, may be linked to each 

other to form a C5 or C6 cycloaklene ring, L4 is a mono-, tri 
or penta-methine group which may have a substituent, 
wherein two substituents on the tri- or penta-methine group 

may be linked to each other to form a C5_7 cycloalkene ring, 
the pyrylium ring and the thiapyrylium ring may have 
substituents, wherein adjacent two substituents may be 
linked to each other to form a condensed benZene ring, and 
X- is a counter anion. 

Here, the substituent in L4 of the formulae (IVa), (IVb) 
and (IVc) may, for example, be an alkyl group, an amino 
group or a halogen atom, and the substituents in the pyry 
lium ring and the thiapyrylium ring may, for example, be an 
aryl group such as a phenyl group or a naphthyl group. 

Now, speci?c examples will be shown for each of the 
quinoline dyes of the above formulae (Ia) to (Ic), the indole 
type or benZothiaZole type dyes of the formula (II), the 
iminocyclohexadiene dyes of the formula (III) and the 
pyrylium type or thiapyrylium dyes of the formula (IVa) to 
(IVc). 
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-continued 

(IV-12) 
OCH3 

CH3 

CH 
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-continued 
(IV-24) 

The counter anion X- in the foregoing Will speci?cally be 
described. It may, for example, be an anion of an inorganic 
acid, such as Cl“, Br“, I“, C104“, B134“ or P136“, or anion of 
an organic acid such benZenesulfonic acid, 
p-toluenesulfonic acid, naphthalenesulfonic acid, acetic acid 
or an organic boric acid. 

Especially, a dye having an organic boric acid anion as 
the counter anion is preferred, since it is excellent in the 
solubility in the coating solvent, so that preparation of the 
coating solution Will be facilitated, and it makes possible to 
use a solvent having a loW boiling point, so that sticking of 
a non-dried photosensitive layer to eg a coating line roller 
can be prevented, and high speed coating Will be possible, 
Whereby high productivity can be attained. 

Speci?cally, as such an organic boric acid anion, the one 
represented by the following formula (L) may be mentioned. 

Wherein each of RQ1 to RQ4 Which are independent of one 
another, is a hydrogen atom, a CMS alkyl group, a C6_15 
aromatic hydrocarbon group Which may have a substituent, 
or a C4_15 heterocyclic group Which may have a substituent. 
More speci?cally, it may be one Wherein each of RQ1 to 

RQ4 Which are independent of one another, is —CH3, 
—C2H5, —C3H7, —C4H9, —C4H9-t, 

a? 
%@ 

OCH3, , 

S 

F F 

F 
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Further, as preferred speci?c exarnples other than the 
above cyanine dyes, the following may be mentioned: 

S-l Nigrosine dye: Color Index Solvent Black 5 
S-2 Nigrosine dye: Color Index Solvent Black 7 
S-3 Nigrosine dye: Color Index Acid Black 2 
S-4 Carbon black: MA-100 (manufactured by Mitsubishi 

Chemical Corporation 
S-5 Titaniurn rnonoxide: Titaniurn Black 13M 

(manufactured by Mitsubishi Material) 
S-6 Titaniurn rnonoxide: Titaniurn Black 12S 

(manufactured by Mitsubishi Material) 
Such a photo-therrnal conversion rnaterial (b) is incorpo 

rated in a blend ratio of from 0.5 to 30 Wt %, preferably from 
1 to 20 Wt %, more preferably from 1 to 15 Wt %, based on 
the total solid content of the photosensitive composition of 
the present invention. 
As mentioned above, the photosensitive composition of 

the present invention is one Whereby image forming is 
carried out mainly by a change other than a chemical 
change, and it is essential that it has no UV sensitivity (i.e. 
handling in White light is possible). Accordingly, the pho 
tosensitive composition of the present invention does not 
contain a quinonediaZide compound. 

In the present invention, it is necessary to incorporate an 
esteri?ed alkali-soluble resin (a-l) as an essential compo 
nent. By the incorporation of the esteri?ed alkali-soluble 
resin (a-l), the ?lrn strength of the photosensitive layer can 
be improved. Accordingly, this esteri?ed alkali-soluble resin 
(i.e. the compound Which is an alkali-soluble resin having 
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phenolic hydroxyl groups and of Which at least some of the 
phenolic hydroxyl groups are esteri?ed) may sometimes be 
referred to as “a ?lm strength-improving agent”. 

The ester moiety of the esteri?ed alkali-soluble resin (a-1) 
is preferably a sulfonic acid compound or a carboxylic acid 
compound. The alkali-soluble resin having phenolic 
hydroxyl groups, Which constitutes the esteri?ed alkali 
soluble resin (a-1), may, for example, be a novolak resin, a 
resol resin, a polyvinylphenol resin or a copolymer of an 
acrylic acid derivative, having phenolic hydroxyl groups. 
Among them, a novolak resin, a resol resin or a polyvi 
nylphenol resin is preferred. 

Particularly preferred as a ?lm strength-improving agent 
is an ester compound of a polycondensation resin of a phenol 
With an aldehyde or ketone, With a carboxylic acid com 
pound or a sulfonic acid compound. 

Such a phenol may, for example, be a monohydric phenol 
such as phenol, o-cresol, m-cresol, p-cresol, 3,5-xylenol, 
carvacrol or thymol, a dihydric phenol such as catechol, 
resorcinol or hydroquinone, or a trihydric phenol such as 
pyrogallol or phloroglucinol. The above aldehyde may, for 
example, be formaldehyde, benZaldehyde, acetaldehyde, 
crotonaldehyde or furfural. Among them, preferred is form 
aldehyde or benZaldehyde. The above ketone may, for 
example, be acetone or methyl ethyl ketone. 

Speci?c examples of the above polycondensation resin 
include a phenol/formaldehyde resin, a m-cresol/ 
formaldehyde resin, a m- and p-mixed cresol/formaldehyde 
resin, a resorcinol/benZaldehyde resin or a pyrogallol/ 
acetone resin. 

The molecular Weight (MW) of the alkali-soluble resin 
having phenolic hydroxyl groups, Which constitutes the 
above-mentioned ?lm strength-improving agent, is usually 
from 1,000 to 50,000, preferably from 1,500 to 20,000, more 
preferably from 2,000 to 10,000. 

The esteri?cation ratio of the sulfonic acid or carboxylic 
acid compound to the phenolic hydroxyl group of the 
above-mentioned ?lm strength-improving agent (the reac 
tion ratio per one OH group) is preferably from 1 to 40%, 
more preferably from 3 to 35%, most preferably from 15 to 
35%. 

The sulfonic acid or carboxylic acid compound may, for 
example, be a sulfonic acid compound or a carboxylic acid 
compound, such as a CMS alkylsulfonic acid Which may 
have a substituent, a C5_2O arylsulfonic acid Which may have 
a substituent, a quinonesulfonic acid Which may have a 
substituent, a C4_2O heterocyclic sulfonic acid Which may 
have a substituent, or a carboxylic acid corresponding 
thereto. 
More preferably, it may, for example, be a mono- to 

tri-cyclic arylsulfonic acid compound, a mono- to tri- cyclic 
quinonesulfonic acid compound or a carboxylic acid com 
pound corresponding thereto, Which may have an alkyl 
group, a carboxylic acid group, a hydroxyl group, a primary 
amino group, a secondary amino group or a tertiary amino 
group, as a substituent, in its structure. Particularly preferred 
is a mono- or bi-cyclic arylsulfonic acid or a bi- or tri-cyclic 
quinonesulfonic acid, Which may have the above-mentioned 
substituent, since such a sulfonic acid is advantageous With 
a vieW to improvement of the printing resistance and chemi 
cal resistance. 
A suitable sulfonic acid ester group (R—SO3—) consti 

tuting the esteri?ed alkali-soluble resin (a-1), may, for 
example, be a group Wherein R has a structure represented 
by one of the folloWing formulae QP1 to QPQ. 
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wherein X1 is a hydrogen atom or an alkyl group, X2 is a 
hydrogen atom or a hydroxyl group, X3 is 

or —N=N—Y2, X4 is a hydrogen atom or an alkyl group, 
each of tWo Y1 Which are independent of each other, is a 
hydrogen atom, an alkyl group, an aryl group, a chlorine 
atom, a bromine atom, an iodine atom, a ?uorine atom, an 
alkoxy group, an aryloxy group, an acyl group, an alkoxy 
carbonyl group, an aryloxycarbonyl group, an allyloxycar 
bonyl group, a carboxylic acid group or a cyano group, 
provided that at least one of them is a group selected from 
an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl 
group, an allyloxycarbonyl group, a carboxylic acid group 
and a cyano group, and Y2 is an aryl group Which may have 
a substituent, an alkyl group Which may have a substituent, 
a heterocyclic group Which may have a substituent, an 
alkenyl group, an acyl group Which may have a substituent, 
or an alkoxycarbonyl group Which may have a substituent. 

In the above de?nitions, the carbon number of the alkyl 
group is from 1 to 15, preferably from 1 to 6; the carbon 
number of the aryl group is from 6 to 20, preferably from 6 
to 12; the carbon number of the heterocyclic group is from 
4 to 20, preferably from 4 to 10; the carbon number of the 
alkenyl group is from 2 to 10, preferably from 2 to 6; the 
carbon number of the acyl group is from 2 to 15, preferably 
from 2 to 10; and the carbon number of the alkoxycarbonyl 
group is from 2 to 15, preferably from 2 to 10. 
More speci?cally, examples of the esteri?ed alkali 

soluble resin (a-1) used in the present invention Will be given 
beloW. When the stain resistance during printing, as 
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described hereinafter, is taken into consideration, the fol 
lowing compounds may be mentioned as preferred examples 
as resins Wherein o-quinonediaZide groups have been non 
photosensitiZed. HoWever, the esteri?ed alkali-soluble resin 
(a-l) of the present invention is not limited to such com 
pounds. 

W1 

HOWOH (I113 
V T CH3 

II 

A compound (MW 3000) having W1 substituted for 
hydroXyl groups of a polycondensation novolak resin of 
m-cresol With formaldehyde (reaction ratio: 30%). 
A compound (MW 2000) having W1 substituted for 

hydroXyl groups of a polycondensation novolak resin of 
phenol With formaldehyde (reaction ratio: 30%). 
A compound (MW 3000) having W1 substituted for 

hydroXyl groups of a polycondensation novolak resin of 
m-resorcinol With formaldehyde (reaction ratio: 20%). 

Here, W1 is 

MW 4000 
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-continued 

HO CONH 

OH 

O 

OH CH3 

NH—N , 

CN 

W2 

0 

OH CH3 

NH—N 

CN 

W2 

OH 

; i N 
W2 

O 

CH3 

H—N , 

C— OCZHS 
// 
O 



US 6,200,727 B1 
27 
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Among the above-mentioned esteri?ed alkali-soluble res 
ins (a-l), one obtainable by reacting a sulfonic acid com 
pound With a pyrogallol/acetone resin is particularly pre 
ferred With a vieW to improvement of the printing resistance 
and chemical resistance When used for a lithographic print 
ing plate. 

Further, the blend ratio of the esteri?ed alkali-soluble 
resin (a-l) is from 0.5 to 100 Wt %, preferably from 0.5 to 
50 Wt %, more preferably from 1 to 30 Wt %, based on the 
total solid content of the photosensitive composition. 
By incorporating the ?lm strength-improving agent of the 

present invention, removal of an exposed portion (a non 
image area) and the ?lm retention at an image area can be 
improved, and the printing resistance can be improved due 
to an improvement in the ?lm strength of the photosensitive 
layer. This is considered to be attributable to the folloWing 
mechanism. 

Namely, in the photosensitive composition comprising the 
non-esteri?ed alkali-soluble resin and the esteri?ed alkali 
soluble resin (a-l), the esteri?ed alkali-soluble resin Will be 
crosslinked by hydrogen bonds to the non-esteri?ed alkali 
soluble resin having phenolic hydroxyl groups to form a 
matrix structure by such bonds in the photosensitive layer. 
The matrix effect by such bonds can be con?rmed by a 
decrease in the solubility of the photosensitive layer in an 
aqueous alkali solution. 
Such crosslinking is usually hardly formed by merely 

mixing the non-esteri?ed alkali-soluble resin and the ?lm 
strength-improving agent, and the formation is accelerated 
usually by carrying out heat treatment. Thus, such crosslink 
ing can be con?rmed by the resulting decrease in the 
solubility of the photosensitive layer, improvement in the 
printing resistance of the photosensitive layer or a decrease 
of scratch mark defects. 
The heat treatment is carried out usually at the time of 

drying after coating the photosensitive composition on a 
substrate or the like, and the temperature and time may 
suitably be selected to attain the performance for eg the 
solubility, printing resistance and prevention of scratch mark 
defects of the photosensitive layer. Preferably, the tempera 
ture is Within a range of from 40 to 100° C., and the heat 
treatment time is prolonged as the temperature decreases. 
Speci?cally, it is preferred that the time is from 1 to 30 
minutes in the vicinity of 100° C., or from 5 to 50 hours in 
the vicinity of 40° C. 

If the temperature is too high or the time is too long for 
the heat treatment, the solubility of the photosensitive layer 
decreases, thus leading to development failure. On the other 
hand, if the temperature is too loW or the time is too short 
for the heat treatment, the solubility of the photosensitive 
layer Will be excessive, thus leading to dissolution of the 
image during development, formation of scratch marks or 
deterioration of the printing resistance. 
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The details of the mechanism for the improvement of the 
positive image-forming property by the photosensitive com 
position of the present invention are not clearly understood. 
HoWever, it is considered that upon irradiation With light, the 
matrix structure by hydrogen bonds Which produces the 
effect of suppressing the solubility, undergoes relaxation or 
dissolution of hydrogen bonds by the heat generated by light 
absorption, Whereby penetration of the alkali agent Will be 
facilitated, and the effect for suppressing the solubility Will 
diminish, so that a positive image With a high contrast Will 
be formed, and a Wide development latitude Will be given. 

Further, it is considered that the ?lm strength-improving 
agent having a high molecular Weight alkali-soluble resin 
skeleton having phenolic hydroxyl groups, has a function to 
form a stronger matrix structure by hydrogen bonds and 
provides a higher effect for improving the ?lm strength, as 
compared With the one having a loW molecular Weight. 
On the other hand, the ?lm strength-improving agent is 

preferably a resin Which corresponds to an ester of an 
alkali-soluble resin having phenolic hydroxyl groups With an 
arylsulfonic acid and of Which the partial structure consti 
tuting the ester ie the aromatic ring or a substituent on the 
aromatic ring of the arylsulfonic acid is substituted by a 
hydrophilic group, since such a resin has, in addition to the 
above-mentioned printing resistance and chemical 
resistance, an effect to prevent staining of a non-image area 
during printing (stain resistance). Such a hydrophilic group 
may, for example, be a hydroxyl group, a primary amino 
group, a secondary amino group, a tertiary amino group or 
a carboxylic acid group. Among them, one having at least 
hydroxyl group on the aromatic ring, is preferred. Particu 
larly preferred is one having a hydroxyl group and an amino 
group on the aromatic ring. The amino group may have a 
substituent. It is considered that by the presence of a 
hydrophilic group in the partial structure constituting the 
ester, the solubility of an exposed portion of the photosen 
sitive layer in an alkali developer Will be facilitated in 
combination With the above-mentioned change in confor 
mation. 

The resin Which is an ester of an alkali-soluble resin 
having phenolic hydroxyl groups With an arylsulfonic acid 
and Which has a hydrophilic group in a partial structure 
constituting the ester, is prepared preferably by reacting an 
o-quinonediaZide group moiety of a resin having a structure 

(X0 is chlorine, bromine, fluorine, iodine or NCS'.) 

OH 
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Which corresponds to an ester of an alkali-soluble resin 
having phenolic hydroxyl groups With a conventional 
o-quinonediaZide sulfonic acid such as 1,2 
benZoquinonediaZide-sulfonic acid or 1 ,2 
benZoquinonediaZidesulfonic acid, to modify the 
o-quinonediaZide group and consequently to introduce a 
hydrophilic group into a partial structure constituting the 
ester, in vieW of the preparation ef?ciency and the produc 
tion cost. 
The above modi?cation of the o-quinonediaZide group is 

speci?cally such that the o-quinonediaZide group is modi?ed 
to a compound Which does not undergo a photoreaction to 
form indenecarboxylic acid upon absorption of light With a 
Wavelength of from 300 to 450 nm (i.e. non 
photosensitiZed), and the compound no longer has a quino 
nediaZide group. Such non-photosensitiZing can be carried 
out by modifying the o-quinonediaZide group by a knoWn 
coupling reaction or nitrogen-removing reaction. 

Particularly preferred is a resin having hydroxyl groups 
introduced by non-sensitiZing a resin having a structure 
corresponding to an ester of a novolak resin, speci?cally a 
polycondensation resin of a phenol With an aldehyde or 
ketone, With o-naphthoquinone diaZidesulfonic acid, more 
preferably a resin having a structure corresponding to an 
ester of a pyrogallol/acetone resin With 1,2 
benZoquinonediaZidesulfonic acid or 1,2 
naphthoquinonediaZidesulfonic acid, from the vieWpoint of 
the synthesis and the above-mentioned printing resistance, 
chemical resistance and stain resistance. 

Such non-sensitiZing can be carried out by means of 
knoWn methods as disclosed in eg Saul Patal, “The Chem 
istry of diaZonium and diaZo groups Part 1”, 1978, published 
by John Wiley & Sons, Saul Patal, “The Chemistry of 
diaZonium and diaZo groups Part 2”, 1978, published by 
John Wiley & Sons, Viadimir V. Ershov et al., “Quinone 
DiaZides”, 1981, published by Elsevier Scienti?c Publishing 
Company, W. Ried and M. ButZ, Liebigs Ann. Chem., 716, 
190 (1968); W. Ried and A. Keemann, Liebigs Ann. Chem., 
689, 145 (1965), E. Bamberger, Marie Baum and Leo 
Schlein, J. Prakt. Chem., 266 (1923), E. Bamberger, and S. 
Wildi, J. Prakt. Chem., 278 (1923). As speci?c examples of 
such non-sensitiZing reaction, the folloWing reactions 
employing various acids, alkalis and metal catalysts, may be 
mentioned. 

((11) 

((12) 
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(RVI is an alkyl group Which may have a substituent.) 
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Preferred resins obtainable by the above-mentioned non 
sensitiZing of resins containing o-quinonediaZide groups, 
Will be given beloW. 

(1) A coupling reaction product of o-quinonediaZide 
groups of a resin With a compound (a non-arornatic 
coupler) having active hydrogen of the folloWing for 
rnula (A) or (B): 

(A) 
RAl 

RA3 RAZ 

Wherein each of RA1 to RA3 Which are independent of one 
another, is an alkyl group, a hydrogen atom, an aryl group, 
a chlorine atom, a brornine atorn, an iodine atom, a ?uorine 
atorn, an alkoxy group, an aryloXy group, an acyl group, an 

alkoXycarbonyl group, an aryloXycarbonyl group, an ally 
loXycarbonyl group, a carboXylic acid group or a cyano 
group, provided that at least one of RA1 to RA3 is a group 
selected from an acyl group, an alkoXycarbonyl group, an 
aryloXycarbonyl group, an allyloXycarbonyl group, a car 
boXylic acid group and a cyano group. 

50 

55 

60 RAI 

Wherein RA1 and RA3 are as de?ned in (A), and RA5 
represents one represented by RA3 in (A) or an amino group 

65 Which may have a substituent. 

(2) A coupling reaction product of o-quinonediaZide 
groups of a resin With a rnono- to tri-cyclic aryl 
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compound (an aromatic coupler) Which has at least a 
hydroXyl group or a nitro group and Which may further 
have other substituents, as disclosed in eg Dyestuff 
Handbook (compiled by Organic Synthetic Chemistry 
Association, 1959, published by MaruZen K. K.), or 
“ORGAMC INTERMEDIATES”, (catalogue of Daito 
Chemical Industry Co., Ltd.). 

(3) A compound having a hydroXyl group or an alkoXy 
group as a substituent, Which is obtainable by inducing 
a nitrogen-removal reaction together With a compound 
having a hydroXyl group such as an alcohol in the 
presence of an acid or an alkali (a nitrogen-removal 
reaction product). 

Speci?c examples of the couplers Will be given. 
(1) Non-aromatic couplers 

(2) Aromatic couplers 
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-continued 
OH 
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When the stain resistance is taken into consideration, 
particularly preferred is one Wherein the esteri?ed alkali 
soluble resin (a-l) is an ester of a novolak resin With a 
sulfonic acid compound and R in the ester moiety 
(R—SO3—) of the sulfonic acid ester is represented by the 
folloWing formula: 

Wherein each of tWo Z Which are independent of each other, 
is a hydrogen atom, an alkyl group, an aryl group, a chlorine 
atom, a bromine atom, an iodine atom, a ?uorine atom, an 

alkoXy group, an aryloXy group, an acyl group, an alkoXy 
carbonyl group, an aryloXycarbonyl group, an allyloXycar 
bonyl group, a carboXylic acid group or a cyano group, 
provided that at least one of them is a group selected from 
an acyl group, an alkoXycarbonyl group, an aryloXycarbonyl 
group, an allyloXycarbonyl group, a carboXylic acid group 
and a cyano group. 

Speci?c examples of the resin having o-quinonediaZide 
groups non-sensitiZed, to be used in the present invention, 
Will be given beloW. HoWever, the non-sensitiZed 
o-quinonediaZide derivatives to be used in the present inven 
tion are not limited to these compounds. 
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38 
-continued 

0 XV 

XV 

XV 

A compound (MW 3000) having XW substituted for 
hydroXyl groups of a polycondensation novolak resin of 
m-cresol With formaldehyde (reaction ratio: 30%). 

A compound (MW 3000) having XV substituted for 
hydroXyl groups of a polycondensation novolak resin of 
m-cresol With formaldehyde (reaction ratio: 30%). 

A compound (MW 2000) having XW substituted for 
hydroXyl groups of a polycondensation novolak resin of 
phenol With formaldehyde (reaction ratio: 30%). 

A compound (MW 3000) having XV substituted for 
hydroXyl groups of a polycondensation novolak resin of 
m-resorcinol With formaldehyde (reaction ratio: 20%). 

A compound (MW 3000) having XW substituted for 
hydroXyl groups of a polycondensation novolak resin of 
m-resorcinol With formaldehyde (reaction ratio: 20%). 
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